Previous studies on the hydrological excitation of the Earth's polar motion have neglected the effect of water mass variations of hydrological reservoirs that have time scales much longer than a month. To remedy this, the present paper calculates the polar motion excitation caused by variations in major natural lakes, the impoundment in artificial reservoirs, and the depletion of a major groundwater aquifer. It is found that (1) the annual water mass variation in natural lakes contributes a significant fraction in the total hydrological excitation of the annual wobble, (2) the hydrological reservoirs have been negligible in the Chandler wobble excitation, and (3) the contribution of hydrological reservoirs to the total secular polar drift has been negligible in this century due to fortuitous cancellation among reservoirs.
•'Mean latitude 0 (positive for north and negative for south) and mean longitude A (positive for east and negative for west), in degrees.
treatment of those a viscoelastic Earth model should be more pertinent [e.g., Gasperini et al., 1986] . The geographical weighting function in (1), sin 0 cos 0 exp (i2), is the spherical harmonic of degree 2 and order 1. It is antisymmetric with respect to both longitude and latitude. For example, two identical Am(t) situated on the same latitude but 180 ø apart in longitude will cancel each other in their contributions to ½. Further, because of the negative sign in (1), a positive Am located on longitude 2 will push the excitation pole to the opposite longitude (2 + 180ø), while a negative Am will do the opposite, pulling the pole toward 2. Physically, this results from the action of the centrifugal force.
To conserve water mass, we shall assume that the reservoirs exchange their water ultimately with the ocean. The effective transportation distance is thus comparable to the Earth's radius. The resultant change in sea level is further assumed to be uniform. This produces additional contribution to 0 which will be evaluated according to Chao and O'Connor [1988a-] . This "ocean correction" is usually small, typically of the order of 5ø/,,, because of the widespread distribution of the oceans as opposed to the point masses under consideration. We are now in a position to give a criterion for a given reservoir to be significant (see above) in polar motion excitation. Apart from the polar and equatorial regions (where the weighting function in (1) approaches zero), the magnitude I½1 is of the order of Am/(2MJ2). For I½l to exceed 1 mas, the variation Am needs to be at least 6 x 1013 kg, corresponding to a water volume of 60 km 3. Thus our rule of thumb is to include Am that is larger than • 10 •3 kg, and we will strive to be exhaustive insofar as observational records and documents are available. The Earth's rotational speed (or equivalently, the length of day, LOD)and gravitational field can also be changed by mass redistributions. These will not be studied in this paper because of the small magnitude. 
2.
NATURAL LAKES Natural lakes are of two kinds: drainage and closed. Drainage lakes are simply "wide places in a river," while closed lakes have no outlet to the ocean. Table 1 lists the world's largest natural lakes and some medium-sized lakes (and marshes) with large known variations. The majority of these large lakes cluster about the 45 • latitude, making their variations potentially most effective in exciting the polar motion. Typically, the level of a lake varies seasonally, while modulated year to year by interannual variations. The interannual modulation can be quite large, especially in closed lakes. As a result, these changes contribute to the excitation of all observable components in the polar motion: the seasonal signal excites the annual wobble, whereas the interannual variations contribute to the excitation of the Chandler wobble and polar drift. They will be studied to various degrees of certainty depending on the availability of records.
Excitation of Annual Wobble
To obtain the annual wobble excitation, we first calculate the water mass variation Am(t) from lake level data or meanmonthly water budget; the procedure for each lake will be described below. Using Table 1 As the NA Great Lakes, the high water occurs in mid-year with a progressive phase delay as the latitude increases. However, their combined contribution to the annual wobble excitation (see Table 3 ) is much smaller in magnitude as a result of the much smaller Am and higher latitudes. Inclusion of other (smaller) lakes in the region (notably Athabasca, Winipegosis, and Manitoba) can somewhat increase this contribution but presumably by no more than 20% judging from their area.
The Caspian Sea is by far the world's largest lake. Its meanmonthly variation in level and water mass is presented in Figure 2d . It is calculated from the mean-monthly water budget given by inflow plus precipitation minus evaporation. The river inflow (predominantly from the Volga) is taken from Van der Leeden [1975] ; the groundwater inflow, known to be very small [Zemljanitzyna, 1973] Since these two excitations happen to oppose, and hence largely cancel each other (cfi Table 3 or Figure 5 ), the systematic errors in their amplitude estimates are also largely cancelled.
Other lakes will not be examined individually in similar detail for their annual wobble excitations. The three East African lakes (Victoria, Tanganyika, and Malawi) are ineffective in exciting polar motion because of their proximity to the equator: a typical peak-to-peak annual variation of 50 cm in the lake levels [Lamb, 1966] only amounts to I½l amplitudes of 0.014, 0.027, and 0.048 mas, respectively. Finally, judging from the small excitations for lakes Baikal and Ladoga, one should not expect a significant contribution from Lake Balkhash or other smaller (closed) lakes in Table 1 .
Excitation of Chandler Wobble
Chandler wobble excitation will be studied in the frequency domain in terms of spectral power around the Chandler frequency. The Chandler frequency, 0.84 cycle per year (cpy), is where the highest signal-to-noise ratio in the observed data resides. We shall only deal with the five NA Great Lakes whose level data are in the form of uniform multiyear series.
First, the seasonal signals (from the least squares fit performed in section 2.1) are subtracted from ½t(t). Then the Hann-windowed power spectrum are computed. We do this for the period 1962-1986 and plot the spectra, in 1986. This will be further discussed in section 5.
Polar Drift
For mass redistributions, the polar motion excitation function ½,(t) in equation (1) axis around which the rotational pole wobbles. Thus ½t(t) is also the mean pole position as a function of time, known as the polar drift. Table 3 lists the estimated secular changes in the lake water mass (Am) (described below), and the time of the occurrence (in this century). The resultant polar drift ½, also presented in Table 3 ficial reservoirs is about 9.3 mas, corresponding to a rate of 0.27 mas yr-1, in the direction of 122øW (Table 3) . Note the small amplitude of (SNOW +RAIN) owing to the large cancellation between the SNOW and RAIN contributions [Chao and O'Connor, 1988b] . Given this, it is then interesting to compare (SNOW + RAIN) with SUM, our estimate for the total lake contribution. It is seen that the ½ + component of SUM has a magnitude that is nearly 30% of Table 1. •Peak-to-peak fluctuation along the lake meridian, not included in Figure 6. aNominal. that of (SNOW + RAIN). As far as the total hydrological excitation is concerned, this is a significant fraction which obviously should not be neglected. Figure 6 shows the (secular) contributions that exceed 1 mas. The vector sum which gives the net secular drift (shown as SUM) is (10.2 mas, 35øE). It does not include those lakes (indicated by footnote c in Table 3 ) whose levels fluctuated erratically rather than secularly. Table 3 variation is set to be ,• 10 x3 kg for the corresponding excitation to be significant, and the temporal scale of the variation is limited to less than a few decades so that the Earth can be treated as an elastic body. We have strived to be exhaustive, although it is still not certain to what degree our reservoir list is complete, especially with respect to the water variation in remote, extended wetland areas of the world. For a complete survey the most efficient way may be a remote-sensing monitoring from Earth-orbiting satellites, such as the proposed Earth Observing System [NASA, 1984] .
The strong linear trend in •k(t) is not characteristic of a (two-dimensional) Brownian motion (whose standard deviation grows as t•/2). This indicates that artificial water im-

